Background A study was carried out to classify municipal solid waste (MSW) compost produced in Delhi, India for their marketability and use in different area with respect to physico-chemical properties, fertilizing and heavy metal polluting potentials. Results The pH of the compost was slightly alkaline (8.4 ± 0.02) and C:N ratio (9.46 ± 0.91) was low as compared to Fertilizer Control Order (FCO) Standard, Government of India, 1985. Sample analysis was carried out using standard methods. The concentrations of some selected heavy metals, e.g., Zn, Cd and Ni were within the permissible limit of FCO standard. However, the concentrations of Cu, Pb and Cr exceeded (66.7 %) the permissible limit of FCO standard. Further, the compost was characterized to know the fertilizing potential and its potential to contaminate the soil. Fertilizing index (FI) was calculated from the values of TOC, TN, TP, TK and C:N ratio and clean index (CI) was also calculated using heavy metal concentrations. FI value of compost was varied from 4.47 to 4.60, whereas CI value of compost was varied from 2.33 to 2.87, respectively. Conclusions The study results indicated that majority of MSW compost produced in Delhi failed to achieve quality control guidelines of FCO standard. The compost has fertilizing potential, however, certain risk to the environment.
Introduction
Municipal solid waste (MSW) management is a grave problem in most of the urban cities in India due to generation of its huge quantity and non-availability of suitable and cost-effective technologies for treatment and disposal (Kumar et al. 2009; Bundela et al. 2010) . MSW generation varies from place to place which is directly proportional to socio-economic status of urban population. Urban India generates about 48 million tonnes of MSW per annum. The per capita national MSW generation ranges between 200 and 600 g (CPCB 2010 ). CSIR-National Environmental Engineering Research Institute (NEERI) in collaboration with Central Pollution Control Board (CPCB) conducted a survey in 59 cities of India in the year [2004] [2005] to characterize the MSW generated and finally develop a sustainable solution for MSW management system in India. Out of 59 cities, 35 were metro cities, and 24 were state capitals and union territories. The characterization of MSW based on city population is given in Table 1 . Approximately 90 % of the total urban MSW was generated in metro cities and Class I cities during the study period. Door-to-door MSW collection efficiency was 74.57 %. Almost 61 % of Indian cities do not adopt for processing and treatment of MSW. The average generation of MSW from urban cities in India estimated to have approximately 40 to 60 % organic matter could be recycled as compost (Rawat et al. 2013) .The wastes are dumped in low-lying areas without any precautions and operational controls henceforth creating nuisance to the environment and human health (CPCB 2010) .
The most promising strategies to improve the MSW management system include minimization of the amount of solid wastes generated, maximization of waste recycling as well as resource recovery (Mbuligwe et al. 2002) . The application of compost to the agricultural land is a low-cost alternative to open landfill disposal or incineration (Bruun et al. 2006) . Compost is a good soil conditioner as it contains major plant nutrients (TN, TP and TK), plant micronutrients (Cu, Fe and Zn) and organic matter which improve soil properties by increasing soil aeration and water holding capacity (Ingelmo et al. 2012) . The preparation of MSW compost is a key issue for sustainable agricultural and resource management in India. The costeffective and sustainable solution in India is due to financial issues as the operation and maintenance cost of compost plant is high as compared to open dumping. Moreover, the majority of MSW compost failed to achieve the requisite specification of FCO, Government of India.
Several European countries, North America and India have adopted specific standards mainly for the purpose of regulating the market of desirable quality of composts (Briton 2000; FAI 2007) . The maximum permissible limits for heavy metal contents of composts (mg/kg dry compost) are stipulated by various countries (Table 2 ). The quality control guidelines failed to identify different grades of quality of marketable compost. It is expected by the user to know about the classification of composts, which can be utilized for different applications such as raising of high value crop, food crops, non-food fiber, soil conditioner, establishment of lawns, reclamation/rehabilitations of mining areas etc.
Delhi, the capital of India, generates approximately 7,000-8,000 tonnes of MSW per day. The waste consists of 54.42 % compostable matter, 15.52 % recyclable matter and 30.06 % inert material on wet weight basis (NEERI, 2005) . However, only 5 % (approximately 400-450 tonnes) of MSW per day is processed for composting in Delhi. Approximately 20 % of MSW usually remained unattended in open areas, which is posing health hazards and also causing ecological imbalances to land, water and air (Kansal 2002) . The unattended MSW clogs drains, creating stagnant water for insect breeding and floods during the rainy seasons (Alam and Ahmade 2013) . The chemical characteristics of generated MSW in Delhi based on % of dry weight basis are presented (Table 3 ). The calorific value and moisture content of MSW indicated that MSW is not suitable for incineration on received basis. In Delhi, MSW treatment and disposal facility include three landfill locations, which are located at Bhalswa, Gazipur and Okhla. The collection of MSW per day at landfill locations is approximately 5,700-6,200 tonnes (DPCC Report). The existing landfill locations are required to be immediately closed as depth of the landfill is above 12 m. Two more landfill locations are proposed by Delhi government, i.e., Jaitpur and Bawana in Delhi. However, additional landfill locations will only be able to solve the existing problem instead of providing any sustainable solution. A small fraction of MSW (5 % as mentioned earlier) is used for compost production by collaboration of government and private enterprises. The objective of the study includes characterization of MSW compost; classification of compost in accordance to its fertilizing potential and magnitude of environmental threats due to heavy metal contamination. The results of the sample were expressed on dry weight basis except for bulk density, pH and conductivity. The criteria for 'weighing factor' to fertility parameters and 'score value' to compost are presented (Table 4 ). The weighing factor was 5 (maximum) for TOC due to its important role to improve soil productivity. Other selected fertility parameters' weighing factor was varied from 1 to 5, depending on the capability to improve soil productivity. The FI values of compost are calculated using the following formula.
n s i w i P i¼1 n w i Where 'S i ' is the score value and 'W i ' is weighing factor of the ith fertility parameter of analytical data.
The criteria for 'weighing factor' to heavy metal parameters and 'score value' to compost are presented (Table 5 ). The weighing factor was 5 (maximum) for Cd due to its high mammalian toxicity, medium to low phytotoxicity potential and as a functional role to the organism. Other selected heavy metals' weighing factor was varied from 1 to 5. The CI values of compost are calculated using the following formula. The higher value of CI indicated lesser heavy metal contamination.
CI ¼ P j¼1 n s j w j P j¼1 n w j Where S j is the score value and W j is weighing factor of the jth heavy metal of analytical data.
CI value can be used by regulatory authority to restrict the entry of heavy metals to the environment (such as agricultural land, land and water bodies).
Results and Discussion
The characterization of MSW compost and its comparison with FCO standard prescribed by Ministry of Agriculture and Rural Development, Govt. of India is presented (Table 6 ). The color of the compost was dark brown and had foul odor (NEERI 2009). The particle size of samples was less than 4 mm as against FCO value of minimum 90 %. The moisture content of the sample was 19.3 ± 1.4 %, which is within the permissible limit of FCO standard as recommended value of FCO ranges within 15-25 %. The moisture and oxygen content of the compost is required to be optimum. High moisture content reduces air spaces and hence compost becomes clumpy. However, clumpy compost increases storage and transportation cost. On the other hand, the frequent air ventilation through compost makes the compost dusty causing ambient air pollution within the surrounding areas. The bulk density of the compost was 0.67 g/cm 3 against FCO Standard value of 0.7-0.9 g/cm 3 . The low bulk density of compost is always desirable, which increases water holding capacity of soil, when applied continuously over a longer period of time. The average pH of the compost was 8.4 ± 0.02, which was varied from almost neutral to slightly alkaline as FCO Standard recommended value of 6.5-7.5. High pH accelerates ammonia gas emission from the compost pile to the ambient air. The temperature of the compost pile during the preparation of compost increases due to microbial activity (mesophilic and thermophilic bacteria). The gradual increasing trends of ammonia gas emission ([27 ppm) to ambient air correspond to an increase of compost pile temperature (35-60°C) and alkaline pH value (7-8.8) (Omrani et al. 2004 ).The harmful pathogenic bacteria might exist in MSW compost as mixed waste was processed to prepare the compost. The pathogenic bacteria cause illness to the person handling MSW during waste segregation and transportation. However, the analyzed compost samples were not contaminated with pathogenic bacteria. Due to the rise of temperature during composting, pathogens are usually destroyed as they reach to their death point (Day and Shaw 2001) . Average EC concentration was within the permissible limit of FCO standard. The average concentrations of TOC, TN, TP and TK of compost were 16.13 ± 0.69, 1.71 ± 0.09, 1.67 ± 0.11 and 0.88 ± 0.27 mg/kg, respectively. The C:N ratio was varied from 8.89 to 10.51 with an average of 9.46 ± 0.91. The C:N ratio was low as compared to FCO Standard as recommended value is 20 (maximum). The survey of MSW characterisation in 59 cities in India indicated that several Indian cities have high C:N ratio ([50) (CPCB 2005) . The average concentrations of some selected heavy metal of compost, e.g., Zn, Cu, Cd, Pb. Ni and Cr were 389 ± 42, 326 ± 42.3, 3.95 ± 1.15, 112.6 ± 15, 18.5 ± 7.4 and 85.3 ± 58.7 mg/kg, respectively. The average concentrations of Cu, Pb and Cr exceeded the permissible limit (66.7 %) of FCO Standard. Solid wastes generated in bigger cities were found to contain higher metals as compared to smaller cities (NEERI 1995) . The excess heavy metal contents restrict the use of compost to the agricultural land. The effect of compost contaminated with heavy metals in the environment varies according to soil type, plant species and compost quality (Zhao et al. 2011 ).
The classification of MSW compost based on marketability and use in different area in accordance to FI and CI value is presented (Table 7) . MSW compost is classified to suitable classes A, B, C and D, which are representing good quality compost and allowed to the market for application to agricultural soil. The class of RU-1, 2 and 3 has restricted usage and generally used as soil conditioner or to develop lawns/gardens. Class A and C have maximum FI value and applicable to high value crop. Class A and B have maximum CI value, which indicates minimum heavy metal levels and causes minimum pollution threat to the environment. The FI and CI values of compost of Delhi are shown in Fig. 2 . The FI value of compost was varied from 4.47 to 4.60, whereas CI value of compost was varied from 2.33 to 2.87. The prepared MSW compost in Delhi has fertilizing potential (FI value [4) but also has heavy metal polluting potentials (CI value \ desired value) due to excess heavy metal concentrations. Hence, the present study indicated that production of MSW compost in Delhi was not suitable for any kind of use.
Conclusions
The classification of compost on the basis of fertilizing potential (FI) and pollution potential (CI) can be used as the tool to identify different grades of quality of marketable compost. It also provides the information about the extent of treatment required before its application to different kinds of use. FI values of MSW compost produced in Delhi achieved the guidelines of quality control compliance, whereas CI values were much below the desired value. This might be due to excess heavy metals in the compost. There are many sources through which heavy metals (majority from electronic and electrical waste) might reach to the compost. The chances of availability of heavy metals in compost are increased when mixed waste/partially segregated waste is processed in the compost plants. The average concentrations of Zn, Cd and Ni of compost of Delhi were within the permissible limit of FCO standard, whereas the average concentrations of Cu, Pb and Cr exceeded (66.7 %) the permissible limit of FCO standard. The soil washing techniques using batch mode are the most suitable techniques for removal of heavy metals from compost, as contaminants are transferred into the liquid phase by desorption and solubilization. The treatment of compost with mixture of Na 2 S 2 O 5 (reducing reagent) and Na 2 EDTA (chelating reagent) with different concentrations may increase the removal efficiency of heavy metals from compost. The post-treatment characterization of compost will further determine the quality of compost, which can be utilized for agricultural application.
